sional folds that specifically interact with lipids embedmoiety and on the coupling chemistry to the polypeptide. We discuss below the structural features of covalent lipid ded in cellular membranes, whereas lipid-modified proteins interact with cellular membranes by insertion of modifications that target proteins to the cytoplasmic leaflet of cellular membranes, polybasic targeting motifs their hydrophobic lipid moiety into the lipid bilayer. Lipid targeting protein domains can mediate highly regulated, that mediate low-affinity membrane interactions, and structurally defined protein domains that mediate selecshort-lived interactions with specific lipids (see Tables  1 and 2; Table 2 ). The mechanisms involved in palmitoylation are still poorly understood. The palmitoylacyltransferase (PAT) activity responsible for this modification has not been fully characterized, and no reliable predictions can be made at present as to whether a particular cysteine residue will serve as substrate for palmitoylation (Bijlmakers and Marsh, 2003). occurs cotranslationally and is a chemically stable, farnesylated, as in the case of Ras proteins. When X is ( While these considerations show that polarized axonal versus somatodendritic distribution of membrane Neuronal Polarity, Transport, and Diffusion bound proteins may not be limited by diffusion, the same of Lipid Bound Signaling Proteins is not true for targeting to more local sites. In order for The vectorial flow of information that propagates from a membrane-associated signaling protein to be targeted postsynaptic membranes to presynaptic terminals relies to a confined region, the protein has to be delivered and on the polarization of neurons into structurally and funcremoved from the site within the time it takes for the tionally defined dendritic and axonal membrane regions protein to diffuse away from the desired region. closely linked to its half-life at the membrane. The same in this issue of Neuron for a detailed description of the concept can be extended to the degree by which a mechanisms involved in neuronal polarity). By analogy locally generated signaling activity remains local (for with sorting mechanisms that control polarity in epitheexample, a local GDP to GTP exchange can create a lial cells, one current model proposes that axonal and local source of active small GTPases). In the case where a persistently membrane-associated protein is locally dendritic proteins are selectively incorporated into two anterior-posterior polarity), and atypical protein kinase C. Confined PI(3,4,5)P 3 signaling in the axonal growth cone requires a turnover of PI(3,4,5)P 3 of ‫1ف‬ min [given the diffusion coefficient of PI(3,4,5)P 3 and the size ‫01ف(‬ m) of a growth cone]. Persistent (over hours) local PI(3,4,5)P 3 signaling is however reported in this study, strongly suggesting that local PI(3,4,5)P 3 signaling is maintained by rapid cycles of PI(3,4,5)P 3 synthesis and degradation. Whether this balance in PI(3,4,5)P 3 signaling is determined by the relative activity of PI (3) In an elegant series of experiments, Choy and coworktude slower than that of lipid-anchored proteins. The fast lateral diffusion enables peripheral signaling proteins to ers have shown that the CaaX prenylation motif targets proteins to the endomembrane system (ER and Golgi) be rapidly spread in two dimensions. An obvious advantage of lipid bound signaling prorather than to the plasma membrane (Choy et al., 1999) . Targeting to the ER allows further processing of the teins is therefore to spatially propagate a locally generated signal and to integrate signals over a larger surface prenyl modification (proteolytic cleavage and carboxymethylation) by ER localized enzymes. From there, region. Furthermore, as best illustrated in the highly amplified visual phototransduction cascade, the rapid H-Ras associates with the cytoplasmic leaflet of the Golgi, through its palmitoylated cysteine residues, and spreading of a locally generated signal can contribute to amplification processes, since a large area with many is transported to the plasma membrane by vesicular traffic. K-Ras, in contrast, is routed to the plasma memtarget proteins can be rapidly screened by a fast-diffusing signaling protein. brane by a yet undefined, presumably nonvesicular mechanism, possibly through interaction with microtu-A second advantage of membrane-localized signaling is conferred by the reversible nature of membrane interbules (Chen et al., 2000) . These two different sorting mechanisms lead to different subcellular localization of actions. Membrane targeting offers the possibility to transiently assemble sequentially acting signaling prothe two Ras isoforms. K-Ras is almost exclusively found at the plasma membrane, whereas a significant fraction teins by reversibly recruiting different components of a signaling pathway. This can even occur at the level of of H-Ras is associated with the Golgi apparatus at steady state. This intracellular localization of H-Ras has an individual protein, where different domains can be recruited to the plasma membrane by sequential signalunexpected consequences on the regulation of H-Ras signaling.
ing events as was discussed above for PKC. The obvious advantages for reversible membrane recruitment are the Receptor-triggered activation of Ras (and other signaling molecules) was traditionally envisioned as a progeneration of better coincidence detection mechanisms (or "AND gates") as well as the suppression of basal cess that takes place exclusively at the plasma mem-
